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Introduction
Ditches are among the most widespread aquatic 
habitats in the UK (Brown et al., 2006), providing 
drainage for the country’s dense road infrastructure 
and extensive agricultural land. Despite their 
prevalence, ditches are often assumed to be species-
poor due to their exposure to road runoff, pesticides 
and fertilisers. However, ditches can support high 
aquatic macroinvertebrate diversity (Hill et al., 2016), 
with some ditches rivalling the number of families 
recorded at unimpacted river  ‘reference’ sites (Gething 
& Little, 2020). Thus, ditches may play a key role in 
increasing habitat provision for macroinvertebrates, 
and could prove particularly valuable in buffering 
local populations against disturbance events such as 
flash floods, drying or pollution incidents, which alter 
community structure and function.
Spatially isolated species with narrow environmental 
preferences, such as the temporary stream specialists 
in the chalk streams of southern England, may 
be particularly vulnerable to disturbance events 
(Macadam et al., 2021). These specialists, including 
the Nationally Scarce mayfly Paraleptophlebia werneri 
(Macadam, 2016), the Nationally Rare stonefly 
Nemoura lacustris (Macadam, 2015) and the IUCN 
Vulnerable diving beetle Agabus brunneus (Foster, 
2010) are adapted to predictable flow cessation and 
drying events, which they may require to complete 
their life cycles (Tapia et al., 2018; Macadam et al., 
2021). As such, these specialists are often thought 
to be restricted to drying headwater streams (often 
termed ‘winterbournes’), leaving their populations 
with few sources of colonists to support recovery 
after disturbance events, such as abnormally wet 
years with no dry phase. However, the discovery of 
P. werneri juveniles in Suffolk ditches (Chalkley, 2006) 
suggests that winterbournes and ditches can both 
provide suitable habitat for such specialist species 
(Figure 1). Ditches increase the area and diversity 
of habitats within catchments (Armitage et al., 2003; 
Gething, 2021), and may thus represent a refuge 
from which specialists can repopulate winterbourne 
assemblages lost during disturbance events.
To determine whether ditches consistently provide 
suitable habitat, and thus have the potential to 
rescue nearby stream-based populations impacted by 
disturbance events, we undertook a field campaign to 
locate temporary stream specialists.
Method
We defined streams as the main watercourse 
within a sub-catchment, with their channels being 
predominantly groundwater-fed and ranging in form 
from heavily modified to semi-natural, while ditches 
were defined as channels engineered for surface 
water drainage. We sampled 21 stream and 22 ditch 
sites that experience flow cessation and/or drying 
across nine sub-catchments in southern England 
(Figure 2). Our survey identified one stream and at 
least one ditch in each sub-catchment, except the 
Candover Brook sub-catchment, where we found no 
ditches. We nonetheless surveyed Candover Brook—
which supports P. werneri and N. lacustris populations 
(Bunting et al., 2021)—to characterise specialists 
in a temporary stream lacking nearby ditch-based 
populations. Samples were collected from each 
Figure 1: The Candover Brook (left) and the River Lavant (right) winterbournes, which share similar habitat 
characteristics with nearby ditches (centre).
Figure 2:  The study area in southern England, indicating the nine sub-catchments.
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site in March, May and June using a 1-minute kick 
sampling method, and temporary stream specialists 
were identified. We used iRecord to compare our 
results with previous records of temporary stream 
specialists in the study area.
 
Results and Discussion
We recorded two specialists, Paraleptophlebia werneri 
and/or N. lacustris (Figure 3), in streams in five of the 
nine sub-catchments. In three of these sub-catchments 
(i.e. those of the Bourne Rivulet and Rivers Ems and 
Lavant: Figure 2), at least one specialist was also 
recorded in a ditch. These occurrences show that 
ditches can provide suitable habitats for specialists—
which are therefore not restricted to winterbournes, 
as previously thought (Tapia et al., 2018).
 
One of the two sub-catchments in which specialists 
were identified in the stream but not in ditches was 
the Candover Brook, in which no ditch sites were 
identified. The second (Pillhill Brook) contained a 
single ditch site with “flashy”, ephemeral flow, which 
is only wet in the hours–to–days after heavy rainfall 
(Figure 4), and supported only true fly larvae and 
oligochaete worms. The erratic hydrology of this ditch 
contrasts with the seasonal wet–dry cycle of many 
winterbournes (Berrie, 1992), which likely prevented 
specialists from sustaining populations.
 
In sub-catchments that supported specialists, P. 
werneri and N. lacustris were frequently the most 
abundant insects in ditches and were often the only 
representatives of their respective orders. Ditches 
supported lower abundances of the specialists than 
streams (mean ± SE: 17 ± 10 and 45 ± 13 individuals 
per sample, respectively).  Additionally, sub-catchments 
with ditch populations supported a higher abundance 
of specialists in their stream than those lacking ditch 
populations (69 ± 21 and 3 ± 2 individuals per sample, 
respectively). The higher abundance of specialists in 
sub-catchments with nearby ditch-based populations 
suggests that ditches help to maintain stream 
populations, and in particular may act as refuges 
that provide colonists which enable rapid recovery 
of stream populations after disturbance events (see 
the concept of “rescue effects” in Sarremejane et al., 
2021).
Nemoura lacustris have previously been reported from 
17 temporary streams in southern England (Tapia et 
al., 2018; Bunting et al., 2021). We found N. lacustris in 
five streams, two of which (Bourne Rivulet and Pillhill 
Brook) we believe are new records. In contrast, our 
P. werneri records are not new additions to the fauna 
of any sub-catchments, but do extend the species’ 
known range within some streams. For example, 
our observations extend records of P. werneri from 
Figure 3: Temporary stream specialist mayfly Paraleptophlebia werneri (left) and stonefly Nemoura lacustris (right) 
specimens from ditches.
Figure 4: A ditch in the Pillhill Brook sub-catchment, which flowed in response to rainfall (left) but was otherwise dry 
(right).
1 km to 6 km upstream of the perennial head on the 
Bourne Rivulet.
Our study demonstrates that ditches, although often 
perceived as sub-optimal aquatic habitats, play a role 
in supporting populations of Nationally Rare and 
Scarce temporary stream specialists. Given that many 
winterbournes now share physical characteristics 
with ditches, and that winterbournes and ditches 
are exposed to comparable human impacts (e.g. 
road run-off: Figure 5), it is perhaps unsurprising that 
specialists that tolerate winterbourne conditions 
can also survive in ditches. Thus, we call for further 
research to characterise the full range of within-
catchment habitats that support populations of rare 
specialists, and for the biodiversity value of temporary 
waterbodies to be more broadly recognised during 
conservation and restoration initiatives.
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In 2019, the Freshwater Biological Association (FBA) 
and West Cumbria Rivers Trust (WCRT) embarked 
upon an ambitious project to restore a degraded 
mussel river in West Cumbria, and to carry out 
large-scale population reinforcements to save the 
population from extinction.
The River Irt catchment in Cumbria is approximately 
115 km2 with the river covering 22km from its 
source at the mouth of Wast Water to the sea. This 
boulder/cobble/gravel river (Figure 1) meanders 
through a mosaic of habitat types from semi-
natural wet woodland at the top of the catchment, 
through to more intensive dairy and arable farming 
at the bottom. Repeated mussel surveys carried out 
between 1995 and the present documented a slow 
decline in abundance of the freshwater pearl mussel, 
with most recent estimates putting the population 
at a critically low level of around 300 individuals. The 
freshwater pearl mussel (Margaritifera margaritifera) 
can live to be over 100 years old (Bauer, 1992) but 
populations have been declining for several decades 
due to pressures such as land-use intensification, 
poor water quality, siltation and declines in salmon 
and trout populations, which the freshwater pearl 
mussel uses as a host for it’s young (find out more 
here!). These pressures particularly affect juvenile 
mussels, which are more vulnerable to poor substrate 
Figure 1: The Irt is an oligotrophic (nutrient poor) river, once home to one of the largest pearl mussel populations in England.
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